Purpose We sought to identify factors, other than cancerrelated treatment and presence/severity of chronic health conditions, which may be associated with late mortality risk among adult survivors of pediatric malignancies. Methods Using the Childhood Cancer Survivor Study cohort and a case-control design, 445 participants who died from causes other than cancer recurrence/progression or nonhealth-related events were compared with 7,162 surviving participants matched for primary diagnosis, age at baseline questionnaire, time from diagnosis to baseline questionnaire, and time at-risk. Odds ratios (ORs) and 95 % confidence intervals (CIs) were calculated for overall/cause-specific mortality. Independent measures included number/severity of chronic conditions, medical care, health-related behaviors, and health perceptions/concerns.
Introduction
Childhood cancer survivors are at increased late mortality risk because of the late effects of their cancer and treatment; survivors' life expectancy is reduced by as much as 28 % [1] [2] [3] [4] [5] [6] [7] [8] . Mortality risk has been modified by era of treatment [9, 10] , type of treatment [5, 9] , diagnosis [3, 5, 11] , and demographic characteristics [5, 10] . Although risk of mortality from recurrence or progression of primary disease decreases with length of follow-up, survivors demonstrate excess late mortality including a 15-fold increased risk of death attributable to subsequent neoplasms, 7-fold increase in risk of cardiac deaths, and 9-fold increase in risk of pulmonary deaths [11] . Health-related behavior, self-perceived health status, and health concerns are independent predictors of mortality in the general population, but they have not been assessed in association with mortality in adult survivors of childhood cancer. We hypothesized that these factors would be associated with late mortality risk due to physical causes (excludes mental health) among these survivors; additionally, we explored the possibility that these risks would likely occur at an earlier age than in the general population.
Methods

Study sample
The Childhood Cancer Survivor Study (CCSS) is a retrospective cohort of 20,691 eligible 5 + -year childhood cancer survivors diagnosed between January 1, 1970 and December 31, 1986 at 27 institutions in the US and Canada [12, 13] . The study protocol was approved by the institutional review boards at all participating sites. Participants provided informed consent, release of medical records, completed baseline, and follow-up questionnaires. Questionnaires used to collect all patient-reported data for the current analysis are available at http://ccss.stjude.org.
Design
This study used a matched case-control design. We selected this design in contrast to a person-time approach because subjects had varying lengths of follow-up from the time of cohort entry (5 years postdiagnosis) to the baseline questionnaire time point, at which the behavioral characteristics were ascertained. We restricted the sample to CCSS participants from the US (Fig. 1) . Participants residing outside the US were excluded from the study; their deaths may not be recorded by the National Death Index (NDI). Cases included CCSS participants alive at recruitment and at completion of the baseline questionnaire that subsequently died of causes other than recurrence/progression of their initial cancer or of a nonhealth-related cause. In 2010-2012, deceased cases were identified through a search of the NDI for deaths occurring in the US before January 1, 2008. Primary and underlying causes of death were used to exclude individuals who died of recurrence/progression of their initial cancer or of nonhealth-related causes (i.e., external causes, accidents, and suicide). All available controls (age 18 years or older at baseline completion) were selected from the risk set of each case, which consisted of all participants who were alive and at risk of death for at least the same length of time as that between cancer diagnosis and the case's death, including those subjects who subsequently died. Controls were matched to cases' initial cancer diagnosis, age at baseline questionnaire (±12 months), and time from initial cancer diagnosis to baseline questionnaire (±6 months).
Analysis
Descriptive statistics were generated for all demographic and clinical variables ( Table 1) . The associations between allcause and cause-specific mortality and self-reported lifestyle/ surveillance behaviors, health status, medical care utilization, and health concerns were tested using conditional logistic regression to estimate ORs and corresponding CIs. Models were developed for each of the following risk categories: (1) medical care, (2) lifestyle and self-care behaviors, and (3) health concerns (Table 2) . Models were adjusted for potential confounding factors: race/ethnicity, sex, and baseline measures of marital status, education, health-insurance status, household/personal income, number/severity of chronichealth conditions (NCI's Common Terminology Criteria for Adverse Events, version 4), and cancer-treatment exposures (chemotherapeutic agents and sites of radiation therapy). Model factors were retained if inclusion modified the association of the primary variables with case/control status by more than 10 %. Due to the exploratory nature of this study, we chose not to adjust for multiple comparisons so that all possible risk factors were identified to be explored in future studies. Including an interaction term between sex and each of the variables of interest addressed the possible modification by sex. An additional analysis included the examination of all previously-determined significant variables stratified by time of death to evaluate whether the associations varied with length of time from covariate assessment. All analyses were performed using SAS software version 9.2 (SAS Institute, Cary, NC). Two-sided P values are reported, and P=0.05 is the critical alpha value.
Results
Characteristics of the 445 cases and 7,162 matched controls are provided in Table 1 . There were a variable number of controls per case: mean=16.1, MD=14, mode=11, min=1, max=106. Cases were slightly older, more often of black race, less likely to have a post-high school education or to be married, more likely to have household incomes below $20,000, and have an existing grade 3 or 4 (serious/life threatening/disabling) chronic health condition. Common causes of death among cases were malignant neoplasm (42 %), cardiac (20 %), and pulmonary (7 %). The mean age at death for the cases was 37.6 years (SD=7.3, MD=38; range 19-55).
Medical care utilization
Regression models including all subjects, adjusting for sociodemographics, cancer therapy, and severity of chronic health conditions showed that ever having received health care and having had five or more physician visits in the year prior to completing the baseline questionnaire were associated with late mortality. As anticipated, there was a positive association between the severity of chronic conditions and number of physician visits (X 2 =935.0, df=24; P≤0.001). Recency of general physical exam or dental care was not associated with risk of late mortality. Among females, there was no significant association between risk of mortality and history/recency of cervical or breast screening.
Lifestyle and self-care behaviors A history of engaging in no exercise in the previous 7 days was associated with a nearly twofold risk of death when compared to exercising three or more days per week, while exercising 1-2 days per week was associated with a 1.6-fold risk of death. Survivors who were underweight (BMI <18 kg/m 2 ) had more than twofold increase in the risk of death compared to normal weight survivors. Smoking history was not associated with mortality. Consumption of alcohol was found to be associated with a lower risk of all-cause death. Self-care activities consisting of breast self-examination and testicular self-examination were not significantly associated with a reduction in risk of late all-cause mortality.
Sex modified the association between physical activity and mortality (P=0.005 for interaction). Males reporting no exercise were more than three times as likely to die, and those reporting 1 to 2 days of exercise weekly were more than twice as likely to die, compared to those who reported exercising three or more days/week.
Self-reported health status and health concerns
After adjusting for sociodemographics, treatment, and serious/ life-threatening/disabling chronic health conditions, a self- reported "fair to poor" health status was associated with higher mortality risk as compared to those who rated their health "good to excellent." Survivors with at least some concern about their future health or ability to obtain life insurance were more likely than others to subsequently die (Table 2) .
Time to death
Follow-up strata were defined based upon tertiles (<5.7, 5.7-8.9, and >8.9 years) for the cases (Table 3) ; the matched controls were included in the same stratum. Health care received was not significant within the first time stratum, but remained significantly associated with death in later time strata. While not always achieving statistical significance, the observed patterns of increased risk of death with increasing number of doctor visits per year, lower physical activity frequency, being underweight, self-report of fair or poor current health status, concern about future health, and presence of a serious chronic health condition was present within all three time strata (T1-T3). Alcohol consumption was protective in all three time strata, but the effect diminished progressively in Cause-specific mortality
Analyses of factors associated with medical access (Table 4) found risk of death due to a second malignant neoplasm to be significantly associated with having received health care and five or more annual physician visits. Risk of cardiac/ pulmonary death or death from other nonexternal causes (e.g., benign neoplasm, diabetes, ulcers, cirrhosis, nephritis, and AIDS) was significantly increased with increasing number of physician visits/years (7-10 visits per year through >20 visits per year). Women who had a Pap smear within 2 years prior to completing their baseline questionnaire had lower risk estimates only in death from nonexternal causes. e Other causes of death include external causes such as accidents/suicides, as well as medical conditions including, benign neoplasm, diabetes mellitus, cerebrovascular disease, rheumatic, hypertension without heart disease, ulcer of stomach and duodenum, cirrhosis of liver, nephritis and nephrosis, and acquired immunodeficiency syndrome (AIDS). SMN second malignant neoplasm, CNS central nervous system, OR odds ratio, 95 % CI 95 % confidence interval Relative to lifestyle and self-care factors (Table 4) , death due to cardiac/pulmonary or other nonexternal causes was associated with less physical activity. Being underweight was associated with a greater than twofold increase in the risk of death due to SMN or other nonexternal causes and a greater than threefold increase in the risk of death due to cardiac/pulmonary causes, while being overweight was associated with a significantly higher risk of death due to cardiac causes. There was an increased risk of cardiac/pulmonary death among men who rarely or never performed self-testicular examination. History of smoking (current or past) did not significantly increase risk of death from second malignancy, cardiac, or other nonexternal causes. Ever having consumed alcohol decreased significantly the risk of death only due to other nonexternal causes.
A self-reported health status of "fair to poor" was associated with a greater than threefold increase in mortality due to other-related causes. Being concerned/very concerned about the ability to obtain health insurance was associated with increased risk of death from other nonexternal causes (Table 4) . 
Discussion
Aging of the CCSS cohort enabled an initial detailed assessment of the role of nontreatment-related factors in determining the risk of late mortality. Their mean age at death was 37.6 and more than two thirds of the sample died within 8.9 years ( Table 3 ). The number of deaths in our sample was unavoidably small; we excluded those resulting from progression of the original cancer or other non-health-related causes. However, the data were sufficient to reveal novel predictors of mortality in this population not associated with primary disease, treatment, or late effects. As in the general population [14, 15] , the risk of death among survivors was associated with black race, absence of a spouse/partner, <high school education, and annual household income <$20,000. We observed for the first time that mortality risk increases with the annual frequency of physician visits; the greater the severity of chronic conditions, the greater the frequency of physician visits. These findings are not surprising, as the number of physician visits and providers increases during the last 2 years of life in the general population [16] .
Among survivors who died of a second malignancy, only 5-6 visits or >20 visits were weakly associated with mortality, probably reflecting the small sample sizes in the other categories.
Female survivors had a lower risk of death due to nonexternal other causes if they had a Pap smear or professional breast examination within the 2 years prior to the baseline questionnaire. Occasional breast self-examination was associated with significantly lower risk than regular breast self-examination, perhaps partly reflecting risk-based counseling for survivors treated with chest radiation [17] . Female survivors in the CCSS who performed regular breast selfexamination were almost twice as likely to have undergone chest irradiation as those who performed less frequent selfexamination (OR=1.79, 95 % CI 1.54-2.09). These results suggest that the frequency of breast self-examination is not an independent predictor of death.
Male survivors reporting rarely or never performing testicular self-examination had an increased risk of cardiac/ pulmonary death. Men who do not engage in this self-care behavior may well neglect other important health promotion/ risk reduction behaviors. While there is an established link between treatment for testicular cancer and cardiac mortality [18] , the wide confidence interval indicates that our analysis lacks precision; additional data are needed to explore this finding. Regardless of cancer survivorship status, however, men should be reminded to perform this self-exam regularly.
Mirroring the general population [19, 20] , a low BMI was associated with both early and late all-cause mortality and was significant for each of the mortality causes. Survivors with a low BMI do not have the reserve to battle the acute/chronic health problems that may surface. Being overweight was associated only with death related to cardiac/pulmonary causes, consistent with findings in the general population [2] . Ever having used alcohol was associated with a lower risk of mortality in the overall study group and in those who died of other nonexternal causes, consistent with findings in the general population. Alcohol use in this sample is well within reasonable limits and consistent with what the current literature considers to be protective in the general population [21, 22] . Without sufficient numbers in the upper categories of alcohol use, we are underpowered to study the point at which alcohol use may be deleterious. The smoking association with mortality is null and not even suggestive at this point. Given the short observation time, it could be that smoking does not have an independent effect over and above the treatment variables. Other considerations include the younger age of the participants in that either there has not been sufficient induction time for the effects of smoking to manifest, or they have not yet been exposed to sufficient smoke to demonstrate an association between smoking and death. Only with continued observation, will we be able to examine the independent effects of smoking. No exercise or exercising only 1-2 days per week was associated with a greater risk of mortality [23] . Decreased physical activity could also be explained by illness.
Worry/concerns that cause chronic stress may increase an individual's risk of illness and premature death. A metaanalysis of 20 studies of incident cardiac disease found an increased risk for cardiac death in individuals reporting substantial health-related worry, independent of demographic variables, biological risk factors, and health behaviors [24] . However, a tendency toward optimism (rather than worry) has been associated with a lower risk of all-cause and cardiovascular mortality [25] . Not surprisingly, some excess worry can benefit health by increasing an individual's sensitivity to potential threats or vigilance in lifestyle and surveillance behaviors [26, 27] . Health worries and concerns have not previously been assessed in association with mortality in survivors of childhood cancer. We found that greater concern about future health at baseline and about the ability to obtain life insurance were associated with a greater risk of mortality in all subjects; concern about the ability to obtain health insurance was associated with a greater risk of mortality in those who died of other nonexternal causes. Worry and anxiety can affect health, and ultimately mortality, indirectly through behavior (e.g., smoking, poor nutrition, and inactivity) and directly through CNS, immune, endocrine, and cardiovascular changes [27] .
In the general population, self-rated health has been shown to predict mortality independently of health problems, physical disability, and biological or lifestyle risk factors [28, 29] . A meta-analysis of 22 community-based cohort studies found that the risk of death in individuals reporting poor health was twice that in individuals reporting excellent health after adjustment for self-reported or objectively measured disease [28] . Moreover, longitudinal changes in self-rated health are a more sensitive predictor than baseline/recent assessment, and the metric appears to be more predictive of mortality in chronic than in acute illness [29] . Mortality increased as selfrated health declined from "very good" to "poor" among all subjects and among those who died of nonexternal causes. Self-assessment of health status summarizes objective health states and incorporates personal (possibly unconscious) expectations of longevity, reflecting the individual's awareness of risk factors (e.g., unhealthy or risk-taking behaviors) [30] . Self-reported health could be used in clinical practice to obtain important prognostic information not identified by clinical and laboratory assessment [31] . If survivors' self-reported health status is only "good" to "fair," or shows a downward trend on repeated visits, the clinician should consider a more detailed consultation and intensified support.
Limitations
Potential inaccuracy of information obtained from death certificates can result in misclassification of cause of death. For misclassification to be differential and cause substantial bias, the misclassification of death would have to be associated with health concerns, lifestyle, and health behavior factors. This is unlikely; therefore, any bias due to misclassification of death is likely nondifferential. The number of statistical tests performed at alpha=0.05 may result in significant findings by chance. Due to the exploratory nature of this study, we chose not to adjust for multiple comparisons so that all possible risk factors were identified to be explored in future studies. The number of cases likely impacts the statistical power, particularly for cause-specific analyses. There may have been changes in the covariates since baseline; however, the associations remained largely consistent even when stratified by time. We feel that bias was eliminated by matching on the age at baseline and time from diagnosis to baseline, but generalizability may be impacted. The relatively young age of the sample and corresponding short length of observation may not be sufficient to identify associations that may emerge later in life (e.g., longer duration of tobacco use). Continued follow-up will evaluate these factors. Our sample was limited to participants in the CCSS, reflecting a historical cohort of patients diagnosed/treated from 1970 to 1986; our findings may not be generalizable to more recently treated patients.
Conclusions
We have demonstrated that behavior, self-reported health status, worries/concerns, and medical care utilization are associated with mortality in 5 + -year survivors of childhood cancer. We observed clear trends between mortality and surveillance/lifestyle behaviors that are predictive in the general population and will emerge as predictive in this cohort as observation continues. While these factors are established predictors of mortality in nonclinical populations, we demonstrated that they independently contributed to mortality in survivors who were, on average, less than 40 years of age.
Implications for adult childhood cancer survivors
Even at this preliminary stage, our findings can inform providers of strategies to reduce the risk of premature mortality as follows: (1) recognizing treatment-associated risks requiring more intensive follow-up, (2) sensitivity to diminished/ declining self-reported health status, (3) targeting at-risk survivor groups (e.g., African-Americans, males) with more vigilant monitoring, and (4) increasing survivors' awareness of recommended medical surveillance. Clinician and survivor awareness of mortality risk status has the potential to enhance health/longevity in this high-risk group. With continued observation, we will be better able to begin to quantify the respective contributions of these factors in combination with the long-term impact of disease and treatment factors. Risk profiles will ultimately be better informed and interventions can be more effectively targeted.
